Abbreviation

GFP green fluorescent protein
To the Editor: Expansion of beta cells from isolated adult human islets in tissue culture represents an attractive potential source of cells for cell therapy for diabetes. Evidence supports the regeneration of adult mouse beta cells in vivo from both insulin-producing cells [1, 2] and pancreatic duct cells [3] , and recent analyses of autopsied human pancreatic tissue suggest that human islets may grow by beta cell replication [4] . However, assessment of beta cell proliferation in vitro is much harder, since the beta cell phenotype is rapidly lost [5, 6] , making it difficult to determine whether the loss of beta cell markers in the expanded cells reflects beta cell dedifferentiation, or beta cell death accompanied by expansion of pancreatic cells from a non-beta cell origin. In genetic lineage-tracing studies using islets from transgenic mice, the specific labelling of beta cells with a fluorescent protein produced under the control of an ubiquitous promoter allowed tracking of mouse beta cell fate in vitro [7] . These studies demonstrated that mouse beta cells dedifferentiated and survived for a few weeks under the particular culture conditions employed; however, no significant beta cell proliferation could be detected. In a recent article in Diabetologia Parnaud et al. [8] compared in vitro proliferation of human and rat beta cells, which were purified from isolated islets by labelling with Newport Green. This study documented a marked difference in proliferation between the two groups of cells, with the purified rat beta cells showing a massive replication capacity and the human beta cells showing no detectable proliferation. The authors concluded that human beta cells could not be expanded in vitro under the culture conditions utilised, which were the same for both cell groups. However, in the absence of a stable beta cell marker, Parnaud et al. could not exclude the possibility that some of the insulin-negative cells which proliferated in their cultures were derived from dedifferentiated beta cells.
Our group has recently developed a lineage-tracing approach based on lentivirus vectors, which allows the fate of cultured human beta cells to be monitored [9] . In contrast to Parnaud et al., using this method we found evidence for massive proliferation of cells derived from beta cells. Beta cells dissociated from isolated human islets were specifically labelled with green fluorescent protein (GFP) produced under the control of the cytomegalovirus promoter. In this system, GFP production was blocked by a loxPflanked DNA fragment. Removal of the block, using Cre recombinase produced under control of insulin gene promoter, activated GFP production only in beta cells. Label-positive, insulin-negative cells derived from beta cells of 15 human donors aged 17-60 years were shown to proliferate for a maximum of 16 population doublings. We did not observe age-related differences in the proliferation capacity of the cells within this age range. The approximate doubling time of dedifferentiated beta cells was 7 days, similar to the doubling time of the GFPnegative cells present in the same culture. The similar proliferation rates of beta and non-beta cells in these cultures was demonstrated by the finding that cultures at consecutive passages contained a stable fraction of cells derived from beta cells (about 40%). Consistent with Parnaud et al. [8] , we found that FACS-sorted GFP-positive cells did not replicate well. However, their proliferation rate was restored if the culture medium was supplemented with medium conditioned by non-beta pancreatic cells [9] . It should be noted, however, that Parnaud et al. [8] sorted primary insulin-positive cells, while our sorting purified dedifferentiated beta cells following growth in cell culture, making it difficult to compare the two studies.
Analysis of total mouse islet cells by the virus-tracing method revealed a much lower rate of proliferation of labelled cells, compared with human cells, under similar culture conditions [9] , confirming the results obtained with transgenic mouse islets, and suggesting that the culture conditions were better suited for human than mouse beta cell expansion. Thus, a striking species difference emerges from the results of both Parnaud et al. and our own group with respect to beta cell proliferation in vitro: while rat beta cells replicate in the absence of support from other pancreatic cells, human dedifferentiated beta cells seem to require a soluble factor(s) released by non-beta cells, and mouse dedifferentiated beta cells cannot replicate even in the mixed culture. These differences, as well as the nature of the soluble growth factor(s), are of great interest and merit further research.
Why expand dedifferentiated beta cells? We believe that these cells maintain open chromatin structure in chromosomal regions important for beta cell function, and thus represent good candidates for redifferentiation into functional beta cells, given appropriate stimuli. These hypotheses need to be tested in future work.
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